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^ ; ABSTRACT 

^ ■ We present the compact radio structure of three radio-loud narrow hne Seyfert 

^ ■ 1 galaxies from VLBA archive data at 2.3, 5 and 8.4 GHz. In RXS J16290+4007, 

0H' the radio structure is mostly unresolved. The combination of compact radio 

O ■ structure, high brightness temperature and inverted spectrum between simul- 

' taneous 2.3 and 8.4 GHz, strongly favors jet relativistic beaming. Combining 

, with the VLBI data at 1.6 and 8.4 GHz from literatures, we argued that RXS 
J16333+4718 may also harbor a relativistic jet, with resolved core-jet structure 

^ ' in 5 GHz. B3 1702+457 is clearly resolved with well defined jet component. The 

^ ■ overall radio steep spectrum indicates that B3 1702+457 is likely a source opti- 

O ■ cally defined as NLSl with radio definition of compact steep spectrum sources. 

^ ■ From these three sources, we found that radio loud NLSls can be either intrinsi- 

■ cally radio loud (e.g. B3 1702+457), or apparently radio loud due to jet beaming 
O : effect (e.g. RXS J16290+4007 and RXS J16333+4718). 

> '■ 

■ Subject headings: galaxies: active — galaxies: jets — galaxies: Seyfert — radio 
j_| ■ continuum: galaxies 



1. Introduction 

While both permitted and forbidden optical emission lines are present in narrow line 
Seyfert 1 galaxies (NLSl), their broad Balmer lines are narrower than that of normal broad 
line Seyfert 1 galaxies with the FWHM of the H/3 line less than 2000 km (Osterbrock & 
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Pogge 1985; Goodrich 1989). Moreover, NLSl galaxies also exhibit other extreme observa- 
tional properties, such as the relatively weak forbidden-line emission, i.e., [OIII]5007/H/3 < 3 
(Goodrich 1989), strong permitted optical/UV Fe II emission lines (Boroson & Green 1992; 
Grupe et al. 1999; Veron-Cetty et al. 2001), steep soft X-ray spectra (Wang et al. 1996; 
Boiler et al. 1996; Grupe et al. 1998), and rapid X-ray variability (Leighly 1999; Komossa & 
Meerschweinchen 2000). NLSl galaxies are thought to be young AGNs with relatively small 
black hole masses and high accretion rate (indicated by Eddington ratios: the bolometric-to- 
Eddington luminosity ratio Lboi/-Z^Edd ~ 1) (e.g., Boroson 2002; Collin & Kawaguchi 2004). 

Conventionally, NLSl galaxies were thought to be radio quiet. With the discovery of 
radio loud NLSls, it is realized that NLSls simply have lo w probability to be radio loud. 



instead of completely radio quiet (e.g. iKomossa et al.ll2006l ). Compared to about 10%-15% 
for normal broad line AGNs and quasars (e.g., Ivezic et al. 2002), only 7% of all NLSl 
galaxies are radio loud (Komossa et al. 2006; Zhou et al. 2006), while only ~ 2.5% o f 



the N LSls are 'very' radio loud (radio loudness R > 100). As shown in iKomossa et al. 



(120061 ) ■ the radio-loud NLSl galaxies are generally compact, steep spectrum sources in the 
radio regime, therefore, they are likely associated with compact steep-spectrum (CSS) radio 
sources. In contrast, observational evidences have shown that several of the radio- loudest 



Zhou et al. 


2007; 


Yuan et al. 


2008) 



a sample of 23 genuine radio-loud NLSl AGNs with radio loudness larger than 100. The radio 
sources of the sample are ubiquitously compact, unresolved on scales of several arcseconds. 
Some of these objects show interesting radio to X-ray properties that are unusual to most of 
the previously known radio-loud NLSl AGNs, but are reminiscent of blazars, including flat 
radio spectra, large-amplitude flux and spectral variability, compact VLBI cores, very high 
variability brightness temperatures, enhanced optical continu um emission, fiat X-ra y spectra. 



and blazar-like spectral energy distributions (SEDs) (also se elFoschini et al.ll2009ar) . Despite 



that the number of radio loud NLSls is rapidly growing (IZhou et al.l l2006l ). mechanisms 
driving the NLSl radio properties is still not clear, such as, accretion rate, black hole spin, 
host galaxy properties and merger history. 



Although a relatiyistic jet has been prop osed to exist in radio-loud NLSls (e.g. Komossa et al 



20061 : lYuan et al.ll2008l : iFoschini et al.ll2009a( ) , only until recently its existence can be strongly 
proved thr ough the 7— ray emissio n successfully detected in several radio-loud NLSls (lAbdo et al. 
2009al lblfl iFoschini et al.l l2009bl ). Especially from these observations, radio-loud NLSls 
were claimed to b e a third class of 7— ray AGNs, besides blazars and radio galaxies (e.g. 
Abdo et al.l l2009d ). To explore the jet properties in radio-loud NLSls, the global e-VLBI 
observations have been made for the first 7— ray detected radio-loud NLSl PMN J0948+0022 
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( Abdo et al. 2009b ). and more observations are proposecjl]. However in general, still not much 
is known for the VLBI compact radio structure of radio-loud NLSls, from which the jet prop- 
erties can be directly explored, such as jet orientation, and jet beaming effect. Recently, Doi 
et al. (2006, 2007) performed high-resolution VLBI observations for several radio-loud NLSl 
AGNs and found that they are unresolved with milliarcsecond resolutions, setting direct 
lower limits on the brightness temperatures in the range of 10^ — 10^ K. They also found 
that inverted radio spectra are common in the radio-loudest objects. The authors suggested 
that Doppler beaming, presumably r esulting fr o m hig hly relativistic jets, can explain the 
observations naturally. Most recently, iDoi et al.l (|2009[ ) found significant pc-scale structures 
with high brightness temperatures for five radio-loud NLSls from the VLBA high-resolution 
observations, indicating nonthermal jets in these sources. Moreover, the authors claimed 
that the central engines of some radio loud NLSls can generate mildly- or highly-relativistic 
jets, which make them apparently radio-loud. However, the nuclei of some NLSls have the 
ability to generate jets significantly strong enough to make them intrinsically radio-loud. 

In this paper, we present the high resolution radio structure of three radio-loud NLSls 
from the unpublished VLBA archive data. The observations and data reduction is shown in 
Section 2, and the results is given in Section 3. The last section is dedicated to discussions. 
Throughout th e paper, we assume a cosmology with Hq = 71 km s~^ Mpc~^, = 0.27, 
and Qa = 0.73 ( ISpergel et al.ll2003l ). The spectral indices a is defined as f^y oc in which 
fi, is the flux density at frequency u. 



Observations and Data reduction 



We searched VLBA archive for the unpublished data of the sources claimed as NLSls 
in various literatures. The data of three sources were finally archived, which covers three 
radio bands 2.3, 5 and 8.4 GHz. All these three s ources have been imaged in 8.4 GHz with 
Japanese VLBI Netwo rk (JVN) (IDoi et al.l 120071 ). and 1.6 GHz VLBA observations have 
been recently shown in iDoi et al.l ( 120091 ). The source list is shown in Table [H in which the 
JVN 8.4 GHz flux density, FIRST 1.4 GHz, GB6 5 GHz flux density and the conventional 
radio loudness are given. 

All the observations were made in phase referencing mode. The targets, their corre- 
sponding phase referencing calibrator and the angular distances between target and phase 
referencing calibrator are listed in Table [2l most of which lies within a range of 2.3° around 
the targets except for the observations of B3 1702+457 at two epochs with angular distance 



^http://www. evlbi.org/gallery/images. html. 



-4- 



of 3.98°. The average on-source observational time is about 70 minutes. Data reductions 
are made in AIPS. Atmosphere and parallactic angle effects on data are calibrated before 
fringe fitting of phase referencing calibrator are made, and its solutions are applied to the 
corresponding target. Bandpass corrections and self- calibrations are made before data are 
averaged in 30 seconds so that we can obtain the results of as high as possible signal to 
noise ratio. The imaging and model fitting process is performed in DIFMAP with all the 
base contour levels given below 3cr in the final residual images. The model fitting results are 
given in Table O 



3. Results and discussion 
3.1. Brightness temperature 

From the high-resolution VLBA i mages, the brightness temperature of radio core Tb in 



the rest frame can be estimated with (jGhisellini et al.lll993l ) 



in which z is source redshift, Sy is core flux density at frequency and Qa is source angular 
diameter = V^ab with a and b being major and minor axis, respectively. The intrinsic 
brightness temperature Tg can be related with Tb by 



Tb = Tb/5 (2) 

in which 5 is Doppler factor. 

The brightness temperature can also be measured from variability, which is correspond- 



ingly called variability brightness temperature TB,var and can be estimated as (lYuan et al. 



20081) 

where k is the Boltzmann constant, Dj^ the luminosity distance, AS^, the variable portion 
of the observed flux density, AP^e the corresponding radio power at the emission frequency 
in the source rest frame, the observing frequency, and At the time span in the observer's 
frame. The intrinsic brightness temperature Tg can be related with TB,var by 



Tb = TB,var/5' (4) 
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where 5 is Doppler factor. 



Normally, the upper limit of physically realistic brightness temperature of nonthermal 
rad io emission can be taken as the equipartition brightness temperature Ti^ = 5 x 10^" 
K (IReadheadl Il994l ). or the inverse Compton catastrophic brightness temperature Tin ~ 
10^^ K (Kellermann & Pauliny-Toth 1969, but see Singal 2009 for other interpretations). 
Consequently, the Doppler factor can be constrained either by equation ([2]) or equation (jl]). 
However, it should be noted that th e Doppler factor c onstrained in these ways is generally 
smaller than that from gamma rays (lAbdo et al.ll2009d ). This is due to the fact that gamma 
rays are produced in very compact regions, whose compactness is required for gamma rays 
to escape, but this in turn means that these compact blobs are also optically thick to radio 
frequencies (synchrotron self-absorption). As the blob is sufficie ntly expanded to be optica lly 



thin for radio emission, it is likely that it has decelerated (e.g. iBlandford Sz Konigllll979l ). 



3.2. Individual objects 



RXS J 16290 + 4007 — We show the radio structure of this source in Fig. [T|, in which 
the source is compact and unresolved in all images, except that it is slightly resolved with 
an eastern component at 5 GHz on December 2005. The simultaneous observations at 2.3 
and 8.4 GHz show an inverted spectrum a = —0.10, which is consistent wit h the inverted 
spect rum between FIRST 1.4 and GB6 5 GHz a = —0.28 (see Tabled! see also lZhou fc Wang 
20021 ). The brightness temperature at all wavebands are high Tb > 10^^ K, especially it 
reaches Tb = 10^^''^ K at 8.4 GHz. The inverted spectrum, compact structure and high 
brightness temperature all together suggest a Doppler beaming effect in this source. This is 
further supported by the flux variations. Although the variation is not evident during two 
epoch 5 GHz observations (see T able [3l), large variations are fo und when comparing with the 
previous data a t 5 GHz (22 mJv. IVeron-Cettv fc VeronlboOlh and 8.4 GHz (JVN 26.3 mJy, 
Doi et al.l 120071 ). At 8.4 GHz, the variability brightness temperature is quite high Tb^var = 
IQ12.2 ^ggg Table [5 ]). The high Tr values are commonly explained as emission originating 
from relativistic jets ( Blandford fc Konigllll979l ). Conservatively taking the inverse Compton 
limit 10^^ K, the minimum Doppler factor can be estimated as 5min = Tb/10^^ or ^min = 
(Tb,var/10^2)i/3^ results in Syain = 1-2 — 2.3, whi ch can be larger if the equipartition 

brightness temperature 5 x 10^° K is used as limit (IReadheadl Il994l ). To conclude, this 
sour ce can be a blazar-like NLSls with jet pointing tow ards us with small viewing angle (see 



also Doi et al 



2007 



presented in iPadovani et al.l (120021 ) . 



Yuan et al.l 20081 : iDoi et al.l 12009 ). which is consistent with the results 



Tentatively putting our data at 2.3, 5 and 8.4 GHz together, we flnd the radio spectrum 
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are resemble to that of High Frequency Peakers (HFPs), i.e. compact objects with a simple 
convex radio spectrum turning over at frequencies well above a few GHz, which likely repre- 



sent the earliest stage in individual radio source evolution (e.g. iDallacasa et al.ll2000l : lOrienti 



20091 ). While this should be checked with further simultaneous multiwaveband observations, 



as a matter of fact, its spectral shape above 5 GHz is inverted, a s measured by si r nultan eous 
multiwavelength observations with Effelsberg 100-m telescope by lNeumann et al.l (jl994j ). Al- 
ternatively, it is likely that the beaming effect boosted the radio emission a s well as the peak 
fre quency o f the synchrotron self-absorption spectra (e.g. iDoi et al.l 120071 ). As pointed out 
by lOrientil (|2009[ ). HFPs are selected on the basis of both the convex shape of their spectra 
and the high frequency at which the spectral peak occurs. In this way, it is possible that 
boosted objects matching the selecti on criter i a con taminate the HFPs sample. Indeed, from 
the analysis of the radio properties, lOrientil (|2009[ ) found that HFPs galaxies are not vari- 
able, are unpolarized and exhibit a Double/Triple structure, typical of young radio sources. 
On the other hand, the majority of HFPs quasars are strongly variable, polarized and with 
Core- Jet structure, as expected in beamed objects. Therefore, RXS J16290-t-4007 is likely a 
boosted object rather than a genuine HFPs young radio sources. 



RXS J 16333 + 4'~^18 — This source is unresol ved at JVN 8.4 GHz milliarcsecond reso- 



lution (Doi et al. 2007), and at 1.6 VLBA GHz (jPoi et al.ll2009l ). Its spectral shape above 
5 GHz is inverted, as measured by simultaneous multiwavelength observations by Neumann 
et al. (1994). We present 5 GHz radio structure in Fig. [2l at w hich it is slightly resolved 



i nto core-iet stru cture. Combining JVN 8.4 GHz ( iDoi et al. 



20071 ) and VLBA 1.6 GHz data 



( IDoi et al.ll2009[ ) with our 5 GHz data, we find that the c ore spectral index is fl at between 
1.6 and 5 GHz a = 0.30, which is consistent with that of IZhou fc WangI (120021 ) (see Table 
[1]). The high brightness temperature at 5 GHz Tb = 10^^'^ K in combination with the flat 
spectrum indicate that an at least mild relativistic jets is likely responsible for the radio 
emission and str ucture. However, the spectra is steep between 1.6 and 8.4 GHz a = 0.73 
( IDoi et al.ll2009[ ). and between 5 and 8.4 GHz a = 1.73. The steep spectrum and compact 
radio structure make this source resemble to CSS source. This however is not conclusive, 
since the observations were not performed simultaneously. Indeed, the variation can be 
clearly seen when comparing GB6 with VLBA 5 GHz data. Therefore, further simultaneous 
multi-epoch VLBI observations are needed to investigate the spectral index of this source, 
then to explore the source nature. 



B3 1 702 + — This source was classifled as Compact Steep Spectrum (CSS) sources 
with turnover frequen cy i/ppak < 150 MHz in the sample of Compact Radio sources at Low 
Redshift (CORALZ) JSnellen et al.ll2004l ). The VLBA 5 GHz radio structure is shown in 
Fig. 131 in which the source is resolved into core-jet structure with weak radio jet compo- 
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nents clearly seen in two images. The spectral index between FIRST 1.4 GHz and GB6 5 
GHz show a ste ep spectrum with a = 1.23 (see Tab le [J)- Consistently, the VLBA 1.6 GHz 
JPoi et aLlboOol ) and JVN 8.4 GHz f lPoi et al.l[2007f ) show a steep index a = 0.84, which is 
also present between VLBA 5 GHz and JVN 8.4 GHz a = 2.12 (see Tables □ and E]) . In 
contrast, the spectral index of the prominent radio component become flat a ~ 0.26 with 
VLBA 1.6 and 5 GHz data, from which the radio core can be identified. However, VLBA 1.6 
GHz and 5 GHz were not obtained simultaneously, therefore, the steep spectrum of 1.6 GHz 
and 5 GHz can not be completely excluded due to the variability. Indeed, the flux variation 
is apparent at 5 GHz. The GB6 flux density is 24.7 mJy (see Tabled]), whereas the flux 
density of VLBA core is 56.8 mJy on June 2000 (see Table [3]). It thus is possible that the 
VLBA 5 GHz data were taken when the source was at high state, while 1.6 GHz data was 
at relatively low state, which results in a flat spectrum between VLBA 1.6 GHz and 5 GHz. 
The brightness temperature of this source does not show a severe beaming effect, which is 
not inconsistent with the steep spectrum nature of this source. In order to investigate the 
genuine spectral index, it is no doubt that the simultaneous observations are required to 
explore the nature of the radio structure. In addition, the flux monitoring also enable us 
to explore the nature o f this source since genuine CSS sources usually do not show voilent 
variations f |0'Dealll998K 



4. Discussion 



While the high brightness temperature and compact radio structure indicate the jet ori- 
gin of radio emission, the spectral index are not homogenous in three sources. The inverted 
spectrum of RXS J16290+4007 from simultaneous 2.3 and 8.4 GHz observations has shown 
that beaming effect plays important role in making high radio loudness, which is supported 
by the inverted spectrum ab ove 5 GHz measured by simultaneous multiwavelength observa- 
tions (INeumann et al.lll994j ). Similarly, the beaming effect ma y likely also present i n RXS 
J16333-I-4718, as shown by the inverted spectrum above 5 GHz (INeumann et al.lll994j ). This 
is supported by the flat spectrum between 1.6 and 5 GHz, despite that further simultaneous 
multi-band observations are needed for conflrmation. These two sources are thus likely in- 
trinsically radio quiet or intermediate (depends on the strength of beaming effect) , however, 
are a pparently radio loud due to the beaming effect in radio emission (see also iDoi et al. 
20091 ). In contrast, the overall spectrum of B3 1702+457 are steep, in combination with the 
compact structure, making this source resemble to CSS sources. This source can be intrinsi- 
cally radio loud since the beaming effect may not be important. Indeed, the radio loudness 
of this source is only R = 11, relatively small compared to RXS J16290+4007 (R = 182) 
and RXS J16333+4718 (R = 205, see Tabled]). To summarize, radio loud NLSls can be 
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either intrinsica lly radio loud, or apparently radio loud due to jet beaming effect (see also 
Doi et al.ll2009[ ). 



Both having strong emission lines and Doppler boosted jet emission, the most radio loud 
NLSls and ffat spectrum radio quasars are presumably related together. Indeed, several 
radio-loudest N LSl galaxies have been found to display blazar characteristics and harbor 



relativistic jets ( iDoi et al.ll2007l : IZhou et al.ll2007l:lYuan et al. , which ha ve been strongly 



proved by the det ected 7— rays (lAbdo et al. 



2009a 



b 



Foschini et al.ll2009bl ). As claimed by 



Yuan et al.l ( 120081 ). in a sample of 23 radio-loud NLSl AGNs with radio loudness larger than 
100, some objects show radio to X-ray properties that are reminiscent of blazars, some of 
which even resemble high-energy-peaked flat spectrum radio quasars (HFSRQs) in their SEDs 
with synchrotron peak frequency likely at around UV/X-ray regime s. RXS J16290 -t -4007 , 
the Doppler boosted object as shown in Section 3.2, was suggested by lPadovani et al.l (|2002[ ) 
to be the first HFSRQ for its modeled synchrotron peak at 2 x 10^^ Hz. A steep soft X- 
ray spectrum w i th photon index F ~ 2.5 implies a synchrotron origin for X-ray emission 



( jPadovani et al. 



2002 



sequ ence (IFossati et aL 



yet (ILandt et al 



20081: 



1998 



Grandi et al.l 120061) . While H FSRQs represent the outlier of blazar 



Ghisellini et a 



Maraschi et al. 



19981 ). they have not definitely been found 



20081 ). Nevertheless, the existence of HFSRQs is 



explained in iGhisellini &: Tavecchio fl2008h . in which the jet dissipation region is out of the 
broad-line region, resulting in a much reduced energy density of BLR photons in the jet 
region. Therefore, the cooling due to the inverse Compton process is not severe, causing 
a high synchrotron peak frequency although the source luminosity can be high. Taking 
the disk-corona emission into account and assuming th e jet dissipation out o f BLR, the jet 
parameters of RXS J16290-I-4007 has been estimated by lMaraschi et al.l ( l2008l ) through SED 
modeling, of which the X-ray emission are dominated by the synchrotron emission from jet. 
Although it is regarded as HFSRQs, the authors found that RXS J16290-I-4007 well follo ws 
the general blazar spectral sequence established by blazars in ICelotti &: Ghisellini! (120081 ) in 
terms of parameter diagram of 7peak, the energy of electrons radiating the peak synchrotron 



luminosity, and the radiation energy density ( magnetic field 



the total jet power (see their Figs. 9 and 11 in iMaraschi et al. 



jlus s ynchrotron photons) or 



2008|). 



In anoth er blazar-lik e NLS l, RXS J1633+4718, a fiat X-ray spectrum with F = 1.37 ± 
0.49 found by I Yuan et al.l (l2008l ). is not inconsistent with the typical X-ray spectra of FSRQs, 
which are fiat and extend from the soft to the hard X-ray band (F = 1.6 with a dispersion 
a = 0.1 —0.2; see, e.g.. Reeves & Turner 2000). Such fiat X-ray spectra is usually interpreted 
as inverse Compton radiation from the relativistic jets and beaming. On the other hand, the 
prominent soft X-ray excess is a lso found in RXS J1633-I-4718, which is typical of normal 
NLSl galaxies (lYuan et al.ll2008l ). Intri guingly, however, RXS J1633+4718 shows a broad- 
band SED similar to that of HFSRQs JYuan et al.ll2008h . For B3 1702+457, the CSS-like 
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source, the spectral index at 2-10 keV is T = 2.20 ±0.06, and the soft X-ray excess is evident, 
which is typical of normal NLSl galaxies ( iVaughan et al.lll999[ ). It might be true that the 
X-ray emission of radio loud NLSls can be a mixture of the emission from disk-corona and 
nonthermal jets. The fraction of each components may alter with the significance of beam- 
ing effect, in the way that the disk-corona emission may dominate over nonthermal one for 
sources with little (if any) beaming effect (e.g. B3 1702+457; PKS 2004-447 in Gallo et al. 
(2006) and Foschini et al. (2009a), but see Abdo et al. (2009c) for alternatives), however, 
non thermal one may dorn inate in case of significant beaming effect (e.g. RXS J16290+4007, 



see 



Maraschi et al.ll2008l ). The similar competition was found in FSRQs from the optical 



variability in the form that the nonthermal jet emission becomes dominant when source is 
brighter, however, thermal emission from accretion disk is dominant when source is at low 
state, resulting in a tendency of redder when brighter (e.g. iGu et al.ll2006l ). Although the 



beaming effect are usually believed to be nontrivial in FSRQs, the thermal emi ssion from ac- 



cretion disk can be sign ificant and even are dominant in the optical region (e.g. iRaiteri et al. 



20071 : IChen et al.ll2009l ). Interestingly, the multiwavelength campaign of the 7— ray detected 



radio-loud NLSl PMN J0948+0022 from radio to 7— rays, sh own the emerging of the accre- 
tion disk emission when the synchrotro n emission decreased ( lAbdo et al.ll2009bl ). It is likely 



also the case in X-ray waveband (e.g. iFoschini et al.l l2009al ). though it is claimed that in 



most radio loud quasars the contribution from a hot disk corona to the observed X-rays is 
negligible (in the hard X-ray band >2 keV), except for the steep-spectrum soft X-ray excess 
below 1 keV (e.g., Brinkmann et al. 1997; Yuan et al. 2000). Indeed, the integrated model 
including synchrotron jet emission, disk-corona emission and inverse Compton emission from 
jet has been use d to model SEP of NL Sls, from which the n ature of radio loud NLSls can 
be well studied J Abdo et al.ll2009al ffl: iFoschini et aDl2009bh . 

While it strongly confirms the presence of a relativistic jet in radio-loud NLSls, the 
7— ray detection is also important to study the jet properties by modeling the SEDs, e.g. the 
jet power, from which the characteristic of radio-loud NLSls can be explored. Through the 
model fit including synchrotron self-Compton (SSC), external Compton (EC), and accretion 
disk-corona in four gamma-ray detected NLSls, their jet powers are found in the average 
range of blazars with two s ources in the regio n of quasars, and another two in the range of 
typical of BL Lac objects (lAbdo et al.ll2009d ). However, the main diff erences with respec t 
to blazars are in the black hole masses and accretion rates, as argued in I Abdo et al.l (j2009d ). 
with the former about 1-2 orders of magnitude lower than the typical blazar masses, and 
the later obviously higher than those of blazars. Moreover, blazars are usuall y hosted by 



elliptical galaxies, while it is likely to be spir al ones in r a dio-lou d NLSls (e.g. IZhou et al. 



20061 ). From these observational evidences, I Abdo et al.l (l2009cl ) claimed that radio- loud 



NLSls may represent a third subset of 7— ray AGNs, besides blazars and radio galaxies. 
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If this is the case, it remains unclear whether radio-loud NLSls should follow the blazar 
sequence (e.g. RXS J16290+4007 in this work). This certainly needs further investigations. 
On the other hand, it is still not clear why radio-loud NLSls host a relativistic jet, and how 
it is formed. It can be even more complicated in terms of the fact that the host galaxies 
of NLSls is generally of spiral type, whi ch breaks the paradigm associating relativistic jets 
with giant elliptical (e.g. iMarscherl |2009| ) . 



Although the acc retion disk and jet are found to be closely related (e.g. ICao fc Jiang 
2OOII : IGu et al.ll2009al ). the details of disk-jet coupling is not known yet, besi des that jet for- 



matio n and radio loud/quiet dichotomy of AGNs are not well understood (e.g. lTchekhovskoy et al 



2OO9I ). As one possibilit y, jet activity can be intermittent, due to, for example, the accre- 



tion disk instability (e.g. ICzerny et al.ll2009l ). which is recently adopted to explain CSS/GPS 



sources (IWul l2009al ). The existence of double double radio sources seems to support the 
intermittent scenario (e.g. iMarecki fc Szablewskil |2009| ). Optically, NLSls are thought to 
be young AGNs with small black hole mass accreting at high accretion rate, implying the 
central accretion process are at the early stage of accretion history. In radio band, the com- 
pact nature of radio structure of CSS sources are believed to be due to the fact that sources 
are at early stage of e volutioriary h i story, at which radio jets do not have time to expand 



to large scale yet (e.g. lO'Deal Il998l : IGu et al.l 12009a : IWul l2009bl ) . The high occurrence of 



sources optically defined as NLSls wit h radio definition of CSS or GPS, sug gests that the 
connection could have a physical origin ( IGallo et al.ll2006l : iKomossa et al.ll2006l ). for example, 
perhaps the black hole environment and the radio component are forming simultaneously. 
It has been proposed that the narrow-line emission nebula of GPS/CSO galaxies is likely 
still in the early phases of its evol ution, meanwhile they are at early evolutionary phases of 
radio-loud AGN (IVink et al.ll2006l ). It might also be interesting to note that low-power CSS 
can probably be the parent po pulation of the flat -spectrum RL NLSl galaxies with beamed 
jet emission, as speculated in I Yuan et al.l ( l2008l ). Therefore, NLSl-CSS/GPS sources, for 



example, B3 1702+457 in this work, can be precious targets to explore the triggering of 
accretion process as well as the jet activity. As an example, the investigation of the SEP of 



PKS 2 004-447, a CSS and possible radio-loud NLSl, was recently presented by lAbdo et al. 



( l2009d ). utilizing radio to 7— ray data. Although the scarce, non-simultaneous data and the 
weakness of the 7-ray emission, preclude the tightly constrains on jet parameters, the jet 
power of PKS 2004-447 is claimed to be in the range typical of BL Lac Objects. As it may 
give clues on the trigger of AGNs activity, the potential connection between radio-loud NLSl 
and CSS/G PS sources require s further investigations based on the large sample of radio-loud 
NLSls fe.g. Izhou et"aDl2006h . 
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Clean LL map. Array: BFHKLMNOPS 
RGBJ1629 at 4.992 GHz 2004 Apr 14 



Clean RR map. Array: BFHKLMNOPS 
J1629+40 at 2.270 GHz 2005 Sep 08 
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Clean RR map. Array: BFHKLMNOPS 
J1629+40 at 8-420 GHz 2005 Sep 08 
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Fig. 1.— The VLBA images of RXS J16290+4007: upper left - 2.3 GHz. The restoring beam 
is 6.99x3.18 mas at P.A. = -1.31°, the contour levels are (1, 2, 4, 8, 16, 32, 64, 128)x0.519 
mJy/beam, and the peak flux density is 67 mJy/beam; upper right - 5 GHz at Apr. 14, 
2004. The restoring beam is 3.14x1.39 mas at P.A. = 39.2°, the contour levels arc (-1, 1, 2, 
4, 8, 16, 32, 64, 128) xO. 418 mJy/beam, and the peak flux density is 102 mJy/beam; lower 
left - 5 GHz at Dec. 14, 2005. The restoring beam is 3.48x1.55 mas at P.A. = 48.2°, the 
contour levels are (-1, 1, 2, 4, 8, 16, 32, 64, 128) xO. 418 mJy/beam, and the peak flux density 
is 104 mJy/beam; lower right: 8.4 GHz. The restoring beam is 2.62x0.69 mas at P.A. = 
10.9°, the contour levels are (-1, 1, 2, 4, 8, 16, 32, 64, 128)x0.591 mJy/beam, and the peak 
flux density is 78.1 m Jy/beam. 
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Clean I map. Array: BFHKLMNOPS 
Jl 633+47 at 4.995 GHz 2000 Jul 20 
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Fig. 2.— The VLBA 5 GHz image of RXS J16333+4718. The restoring beam is 3.72x1.41 
mas at P.A. = -20.9°, the contour levels are (1, 2, 4, 8, 16, 32, 64) x 0.556 mJy/beam, and 
the peak flux density is 51.8 mJy/beam. 
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Clean I map. Array: BFHKLMNOPS 
J1703+45 at 4.995 GHz 2000 Aug 21 



Clean 1 map. Array: BFHKLMNOPS 
J1703+45 at 4.995 GHz 2000 Jun 16 
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Fig. 3.— The VLBA 5 GHz images of B3 1702+457: left - at Jun. 16, 2000. The restoring 
beam is 4.07x1.89 mas at P.A. = -20.5°, the contour levels are (1, 2, 4, 8, 16, 32, 64)x0.557 
mJy/beam, and the peak flux density is 56 mJy/beam; right - at Aug. 21, 2000. The 
restoring beam is 3.95x1.54 mas at P.A. = -22.9°, the contour levels are (1, 2, 4, 8, 16, 32, 
64, 128)x0.42 mJy/beam, and the peak flux density is 54.6 mJy/beam. 
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Table 1: The source list. 



Source 


z 


5fS (mJy) 


«z (mJy) 


Sil^u. (mJy) 




Or 


RXS J16290+4007 


0.272 


11.9 


17.0 


26.3 


182 


-0.28 


RXS J16333+4718 


0.116 


65.0 


33.6 


21.2 


205 


0.52 


B3 1702+457 


0.061 


118.6 


24.7 


18.5 


11 


1.23 



Column (1): Source name; Column (2): redshift; Column (3): FIRST 1.4 
GHz flux density (Becke r et al. 1995); Column (4): GB6 5 GHz flux den 



sitv (IGregorv et all 119961) : Column (5): JVN 8.4 GHz flux density flDoi et al. 



20071 ): Column (6): radio loudness in Zhou & Wang (2002); Column (7): 



spectral index between 1.4 and 5 GHz. 
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Table 2: VLB A archive data. 



Source 


z 


V (GHz) 


Date 


ID 


Calibrator 


Dis. (deg) 


RXS J16290+4007 


0.272 


5 


04/14/2004 


BP109A 


J1625+4134 


1.56 






5 


12/14/2005 


BP123C 


J1625+4134 


1.56 






2.3, 8.4 


09/08/2005 


BE042E 


J1640+3946 


2.23 


RXS J16333+4718 


0.116 


5 


07/20/2000 


BM133C 


J1631+4927 


2.17 


B3 1702+457 


0.061 


5 


06/16/2000 


BM133D 


J1713+4916 


3.98 






5 


08/21/2000 


BM133E 


J1713+4916 


3.98 



Column (1): Source name; Column (2): redshift; Column (3): frequency; Col- 
umn (4): observational date; Column (5): Program ID; Column (6): phase 
referencing calibrator; Column (7): angular distance of phase referencing cal- 
ibrator to object in unit of degree. 



Table 3. Observational results. 



Source 






Oomps. 


V 


a 

u 


o 




h In 
j U 


log Jb 


log ^B.var 




[KjttlZ ) 






(mas) 


(dcg) 


(mjy) 


(mas) 




V^) 


(Kj 


RXS J16290+4007 


5 


04/14/2004 


C 






104.9 


0.45 


0.61 


10.9 


9.9 




5 


12/14/2005 


C 






107.8 


0.50 


0.54 


10.9 










E 


1.55 


121.63 


2.2 


1.25 


1.00 








2.3 


09/08/2005 


C 






68.9 


0.56 


1.00 


11.0 






8.4 


09/08/2005 


C 






78.1 


0.03 


1.00 


VIA 


12.2 


RXS J16333+4718 


5 


07/20/2000 


c 






51.9 


0.15 


1.00 


11.3 


8.7 








E 


3.67 


79.15 


0.9 


0.28 


1.00 












W 


1.24 


-114.43 


2.4 


3.74 


0.09 






B3 1702+457 


5 


06/16/2000 


C 






56.8 


0.56 


0.32 


10.6 


8.4 








w 


7.28 


-85.20 


1.5 


1.13 


1.00 








5 


08/21/2000 


c 






55.6 


0.33 


0.37 


11.0 










w 


3.60 


-94.97 


1.0 


0.07 


1.00 







Note. — Column (1): Source name; Column (2): observing frequency; Column (3); observing date; Column (4): components: 
C = core, E = eastern components and W = western components; Column (5): the distance to core; Column (6): position angle; 
Column (7): flux density; Column (8): major axis; Column (9): axial ratio; Column (10): brightness temperature; Column (11): 
variability brightness temperature. 



